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We study theoretically the spin relaxation rate in quasi-one-dimensional coupled double semicon-
ductor quantum dots. We consider InSb and GaAs-based systems in the presence of the Rashba
spin-orbit interaction, which causes mixing of opposite-spin states, and allows phonon-mediated
transitions between energy eigenstates. Contributions from all phonon modes and coupling mech-
anisms in zincblende semiconductors are taken into account. The spin relaxation rate is shown to
display a sharp, cusp-like maximum as function of the interdot-barrier width, at a value of the width
which can be controlled by an external magnetic field. This remarkable behavior is associated with
the symmetric-antisymmetric level splitting in the structure.
Spin-related phenomena in semiconductors attract
much attention as they are the foundation of the
emerging fields of spintronics1 and quantum com-
puting in semiconductor systems.2 Quantum dots
(QD) are particularly promising since they offer
relatively long spin coherence times, a key require-
ment in quantum information processing. Electron
spin relaxation in QDs has been studied recently
theoretically3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24
and experimentally.25,26,27,28,29 In this letter, we study
spin relaxation rates in coupled double QDs, a type of
structure that offers a very useful control parameter, i.e.
the interdot separation, or barrier width. In particular,
we consider here quasi-one-dimensional (quasi-1D)
dot structures produced in nanowhiskers or nanorods
studied experimentally. We have recently studied the
electronic states of such quasi-1D double dots,30 and
analyzed the spin-mixed character that arises from
the spin-orbit (SO) interaction. These structures can
be designed so that only the Rashba SO interaction
(enabled by structural asymmetry) is present.30 In this
paper, we calculate rates of spin transitions induced by
phonon scattering between Rashba spin-mixed states,
taking into account the different acoustic-phonon modes
present in zincblende semiconductors. We find that
the spin relaxation rate shows a strong dependence on
the interdot-barrier width and can, furthermore, be
tuned with an external magnetic field. This provides
interesting flexibility in the control of electronic spin
states.
Let us denote by z the coordinate in the longitudinal
direction of the quasi-1D coupled double quantum-dot
structure. Vz(z) is the confining potential that defines
the pair of coupled QDs. We assume a narrow whisker
width of 2-5 nm, that each dot has a length of 30 nm, and
take the width of the barrier between dots as a variable
parameter. For the case of Rashba interaction,30,31,32
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and introducing a weak magnetic field in the z direction
that breaks the spin degeneracy (but produces no dia-
magnetic shift), the Hamiltonian takes the form30
H =
P2
2m∗
+HR +
1
2
gµBBσz , (1)
where P = (Px, Py, Pz), and σ = (σx, σy, σz) is the
Pauli matrix vector.33 After taking average 〈...〉 over the
ground states of the lateral-confining potentials, the SO
term becomes30,34
H1dR =
γR
~
pz
〈
∂Vx
∂x
〉
(σx − σy) , (2)
where γR is material specific.
We diagonalize the Hamiltonian to take full account
of the SO effects, which result in spin mixing of eigen-
states. We calculate relaxation rates due to acoustic-
phonon scattering between the ground state and the next
two energy eigenstates in InSb and GaAs QDs via Fermi’s
Golden Rule:
Γi→f =
2π
~
∑
Q,α
|〈f |UQ,α|i〉|2n δ(∆E − ~ωα), (3)
where Q = (qx, qy, qz) = (q, qz) is the phonon momen-
tum; α indicates the acoustic phonons, and includes lon-
gitudinal, ℓ, and transverse, t = TA1 and TA2 modes;
∆E = Ef − Ei; and n is the Bose-Einstein phonon dis-
tribution with energy ~ωα = ~cαQ. 〈f |, 〈i| are the final
and initial states obtained by exact (numerical) diago-
nalization of the Hamiltonian. The potential Uq,α in-
cludes both deformation Ξℓ(Q) and piezoelectric Λℓ(Q)
contributions:35
Uq,α=ℓ,t = (Ξℓ(Q) + iΛℓ,t(Q)) e
iQ·r. (4)
For zincblende semiconductors, the phonon poten-
tials read (in cylindrical coordinates):24 Ξℓ(Q) =
Ξ0
√
~
2DV cℓ
√
Q, Λℓ(Q) =
6πeh14
κ
√
~
2DV cℓ
sin(2φ) q
2qz
Q7/2
,
ΛTA1(Q) =
4πeh14
κ
√
~
2DV cTA
cos(2φ) qqz
Q5/2
and ΛTA2(Q) =
22πeh14
κ
√
~
2DV cTA
sin(2φ) q
3
Q7/2
(2
q2z
q2
−1), where Ξ0 and eh14
are the bulk constants, κ is the dielectric constant, D is
the mass density, V is the volume, and cℓ, cTA1 = cTA2 =
cTA are the sound velocities for each mode.
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FIG. 1: Energy levels (a) and mean value of Sz (b) for the
four lowest-energy eigenstates as function of the width of the
central barrier, b, for InSb at B = 0.8T. Notice states 1 and
2 anticross and switch spin at bc(B). (c) shows the crossing
barrier bc vs magnetic field for GaAs and InSb QDs. Panel
(d) is the same as (b) but for GaAs.
For all the calculations reported here we assume a
temperature of 298K and a Rashba structural param-
eter,
〈
∂Vx
∂x
〉
= 5meV/nm.36 In Fig. 1(a) (and 1(b))
the four lowest energy levels (and mean value of Sz)
are shown as function of the width of the central bar-
rier, b, for a magnetic field B = 0.8T, and fixed dot
size. We note that levels 1 and 2 show an anticross-
ing at a barrier width value where the Sz values switch,
bc(0.8T) = 11.2 nm, seen in Fig. 1(b). At low b-values,
state 1 is the spatially-symmetric double-dot state with
spin down, while state 2 is the spatially-antisymmetric
state with spin up. Increasing barrier width decreases
the symmetric-antisymmetric splitting, allowing SO to
produce strong mixing, which results in the anticross-
ing and spin-switching we see in Fig. 1. This “crossing
value” is magnetic field dependent, as shown in Fig. 1(c)
for InSb and GaAs, and shows a monotonic drop with
increasing B, as one would expect.
Figure 2 shows the contributions to the spin relaxation
(SR) rate in InSb and GaAs coupled QDs due to the
four different acoustic-phonon couplings: deformation,
and piezoelectric longitudinal (LA), and transverse (TA1
and TA2) potentials. The rates shown correspond to the
transition between the two lowest-energy states (as in
Fig. 1(a)). In InSb QDs, we note that the SR rate is
dominated by the deformation potential while in GaAs,
it is dominated by the piezoelectric TA1 potential.24 No-
tice that in InSb QDs, the contributions from the piezo
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FIG. 2: Spin relaxation rates from different acoustic-
phonon potentials: deformation (DP), piezoelectric longitu-
dinal (Piezo LA), and transverse 1 (Piezo TA1) and 2 (Piezo
TA2) potentials, for InSb (thick lines, upper four curves) and
GaAs (thin lines) QDs as function of applied magnetic field.
Barrier width b = 30nm.
TA2 and LA are several orders of magnitude weaker than
the others for magnetic fields beyond ∼ 0.3T. The same
is true of the deformation potential in comparison to the
other mechanisms in GaAs. The strong SO interaction
(smaller bandgap) in InSb, results in much higher SR
rates for that material than for GaAs, as one can observe
in Fig. 2.
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FIG. 3: Spin relaxation rate as function of central barrier
width in InSb QDs, for two different values of the mag-
netic field (B = 0.5 and 0.8T), and different transitions: from
ground to first excited state (GS-1), and to second excited
state (GS-2).
Figure 3 shows the total transition rate from the
ground state to the first excited state (GS-1) and to the
second excited state (GS-2) for InSb QDs and two values
of the magnetic field, B = 0.5 and 0.8 T. We see that
for a given field, the rate GS-1 shows a cusp at a barrier
width that coincides with the crossing width, bc, as intro-
duced in Fig. 1. Accordingly, the cusp position in Γ shifts
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FIG. 4: Same as Fig. 3 but for GaAs at B = 0.1 and 0.8T.
down with increasing magnetic field. An analogous situ-
ation can be seen in Fig. 4 for GaAs QDs, with B = 0.1
and 0.8 T. Here the cusp is sharper than for InSb, in
correspondence with the weaker SO, as shown in Figs.
1(b) and 1(d). It must be noted that the transition GS-1
is not strictly speaking a “spin-flip” transition, since the
states involved are not spin eigenstates. Indeed, the GS is
practically a pure spin-up state (Fig. 1(b)) but the state
1 has a strong spin admixture, and switches from being
mostly spin-down to mostly spin-up as a function of the
barrier width, b. The middle point in this transformation
is given by bc, where the cusp in the transition rate oc-
curs. The ΓGS−2 values, on the other hand, show a slight
dip at the same bc position, reflecting also the mixed spin
character of the 2 state. The appearance of the cusp on
the lowest-energy SR rates clearly arises from the en-
hanced level mixing when the symmetric-antisymmetric
states anticross in the double QD.
To summarize, we have studied the phonon-mediated
electronic transitions between (Rashba-SO) spin-mixed
states in GaAs and InSb coupled QDs. This rate shows
a cusp-like maximum as a function of the separation be-
tween the dots. The position of this maximum can be
controlled with a small external magnetic field, and can
in principle be used to significantly change the electronic
SR rates in the system.
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